A porcine virus with rotavirus morphology, which was antigenically unrelated to previously described rotaviruses, is described. Particles with an outer capsid layer measured 75 nm and those lacking the outer layer were 63 nm in diameter. Particles which resembled cores were also identified. The virus was shown to be antigenically distinct from other rotaviruses as judged by immunofluorescence and immune electron microscopy, and it failed to protect piglets from challenge with porcine rotavirus. Analysis of the genome indicated that it was composed of 11 segments of double-stranded RNA with the same overall size range as other rotaviruses but with an unusual segment pattern.
Rotaviruses are characterized by a distinctive morphology which led Flewett et al. (10) to recognize them as separate from reo-and orbiviruses. In contrast to reo-and orbiviruses, each rotavirus particle is thought to contain 11 segments of double-stranded RNA which form a characteristic pattern on polyacrylamide gel electrophoresis (12) . Until recently, all viruses with rotavirus morphology have possessed a common antigen, located on particles lacking the outer capsid layer, which may be demonstrated by several tests, including immune electron microscopy and immunofluorescence (17) . In pigs, however, there appear to be rotaviruses which, although similar morphologically to previously described rotaviruses, fail to invoke antibody to the group-specific antigen (3, 14) . This study compares the morphology, antigenicity, and nature of the genome of one of these porcine rotavirus-like agents (PRVLA) with those of previously described rotaviruses.
MATERIALS AND METHODS Viruses. The PRVLA was from the same source as previously described (3) and was prepared from the feces of inoculated gnotobiotic piglets. The bovine rotavirus (BRV) was the tissue culture-adapted Compton-UK virus (5) , and the porcine rotavirus (PRV) was SW20/21 (16); BRV and PRV cross-reacted in reciprocal indirect immunofluorescence tests.
Electron microscopy. Viruses were prepared from feces by centrifugation (6), stained with 2% phosphotungstic acid (pH 6.0) on carbon-coated Formvar grids, and examined in a Phillips EM300 electron microscope. Particle sizes of PRV and PRVLA were determined on the same occasion, using beef liver catalase to calibrate the microscope. The lattice spacing of the catalase crystals was taken as 8.44 nm (8) .
Photography of catalase crystals before, during, and immediately after photography of virus particles indicated that there had been no significant change in the microscope magnification during the period in which the viruses were photographed. To assess the affect of EDTA on morphology, virus preparations were examined after incubation at 37°C for 30 min with a final concentration of 4 mM EDTA, pH 8.0. Immune electron microscopy. Immune electron microscopy was conducted with particles of BRV and PRVLA lacking an outer capsid layer and rotavirus antisera from gnotobiotic piglets at final dilutions of 1:20 and 1:40, as described previously (2) . The sera used were convalescent PRVLA sera from the third and fourth serial passages in pigs and porcine convalescent and hyperimmune sera to PRV (SW20/21); the hyperimmune serum had a homologous neutralization titer of 81,920. The number and size of the aggregates produced were noted and compared with a control set up with a convalescent antiserum to transmissible gastroenteritis virus.
Animal inoculation. Gnotobiotic piglets, produced and reared as described previously (15) Rotavirus infectivity assays. Assays in LLC-MK2 cells were conducted as described previously (4) and read by immunofluorescence, using bovine antiserum to BRV and fluorescein isothiocyanate-conjugated rabbit anti-bovine immunoglobulin (Nordic Laboratories Ltd.).
Genome analysis. Samples of infected feces or tissue culture fluids were extracted, and the RNA species were labeled with 32P at their 3' termini with T4 RNA ligase (7) . The labeled RNA samples were analyzed on 7.5% polyacrylamide gels, using the Laemmli discontinuous buffer system (11) . PRVLA was coelectrophoresed with rotaviruses from several animal species which were antigenically related by immunofluorescence tests.
Cross-reactions with other double-stranded RNA viruses. Convalescent PRVLA antisera were tested in an indirect immunofluorescence test with calf kidney cells infected with reovirus type 3 (Dearing strain). Sera were also tested by an agar gel precipitin test for reactions with four orbiviruses: bluetongue, African horse sickness, Eubenangee, and epizootic hemorrhagic disease of deer.
RESULTS
Morphological studies. In common with previously described rotaviruses, particles with and without an outer capsid layer were identified in the feces of piglets infected with PRVLA. Both particle types were similar to those of PRV (Fig.  1) . The average diameters of particles with the outer layer were 75 nm for PRVLA and 71 nm for PRV; those for particles lacking the outer layer were 63 nm for PRVLA and 60 nm for PRV (Fig. 2) . As with other rotaviruses, treatment with EDTA resulted in removal of the outer capsid layer from PRVLA particles.
One difference between PRVLA and PRV was the presence of corelike particles in preparations of PRVLA (Fig. 3) . These particles, which had thin walls and measured 48 nm in diameter, were invariably penetrated by stain, and occasionally they had capsomeres radiating from part of their circumference. They appeared to be the framework on which the particle is built, but whether they were assembly intermediates or degradation products, perhaps produced by the preparative conditions, is unknown.
Antigenic studies. (i) Immune electron microscopy. Aggregates of BRV particles lacking an outer capsid layer were produced only when BRV was incubated with antisera to PRV ( Table  1) . They were not produced with antisera to PRVLA, and there was no evidence of antibody attached to the individual virus particles.
PRVLA particles were clumped only by PRVLA antisera and were left unclumped by both convalescent and hyperimmune PRV antisera. Groups of BRV or PRVLA particles were PRV with (la ) and without ( ) the outer layer.
not found in control preparations incubated with antiserum to transmissible gastroenteritis virus.
(ii) Piglet inoculation. After exposure to filtrates containing PRVLA, piglets developed diarrhea, their weight gain slowed, and rotavirus particles were identified in their feces by electron microscopy. In contrast to piglets inoculated with PRV, the presence of rotaviruses in the feces could not be confirmed by infectivity assays or by examination of convalescent sera for immunofluorescent activity (Table 2) .
When challenged with PRV, piglets previously exposed to PRVLA reacted similarly to piglets which had not been exposed to rotavirus previously. Although the clinical signs were mild in piglets at the challenge age, nevertheless approximately 106 0 50% tissue culture infective doses of virus per g of feces were excreted within 24 h of inoculation from both previously unexposed piglets and those previously exposed to PRVLA. Virus was excreted for the same length of time, 5 days, and immunofluorescent activity to rotavirus was detected in the convalescent sera for the first time.
Control piglets previously exposed to PRV or PRVLA remained clinically normal on challenge with the homologous viruses which were not detected in the feces.
(iii) Cross-reactions with other double-stranded RNA viruses. No cross-reactions were obtained with PRVLA sera and reovirus type 3 or the viruses of bluetongue, African horse sickness, Eubenangee, and epizootic hemorrhagic disease of deer.
Genome analysis. Analysis of the viral genome by polyacrylamide gel electrophoresis showed that the PRVLA profile was clearly distinguishable from that of previously described rotaviruses (Fig. 4) . Although differences in genome profile have been observed between rotavirus isolates (7, 9, 13), they conform to the basic pattern of four large segments (species 1 to 4), a pair of medium-sized segments (species 5 and 6), a tight triplet (species 7 to 9), and two small species (species 10 and 11). Whereas PRVLA still contained 11 species of RNA with approximately the same overall size range, species 5 and 6 ran much closer together, the 7, 8, and 9 triplet was replaced by a doublet, and there was a pair of bands at the position of species 10. DISCUSSION Morphologically, the virus studied here conformed to the description of a rotavirus in that the intact particles were suggestive of a wheel with a wide hub, short spokes, and a welldefined rim (12) . The cores identified in fecal preparations appeared similar in size and morphology to those described for BRV after treatment with sodium thiocyanate (1) . In common with other rotaviruses, the genome was composed of 11 segments of double-stranded RNA with a similar overall size range, although the segment profile was markedly different.
Despite the above similarities to rotaviruses, The difference in the particle diameters of PRV and PRVLA was small and may or may not be significant.
Other rotaviruses which lack the common antigen have been identified in pigs (14) and birds (M. S. McNulty, personal communication). At this time, full comparisons with the present virus have not been made but, as sera to PRVLA failed to cross-react with the avian virus (McNulty, personal communication), it seems possible that more than two groups of antigenically distinct rotaviruses exist.
Bacteria-free filtrates of PRVLA did produce clinical illness in gnotobiotic piglets but, as other viruses were known to be present in the inoculum (3), the pathogenicity of this agent remains to be established. Attempts are currently being made to remove these other viruses so that the pathogenicity of PRVLA can be assessed. So far, however, the analysis of diarrheic field samples from dispersed geographical locations within the United Kingdom has failed to reveal the presence of viruses with similar genomic profiles (Clarke and McCrae, unpublished data).
